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ABSTRACT
An 8-sq uare mile oulwash fan, composed of gravelly sedim ent, extends 
from  the term inus of N orris G lacier to the w aters of upper Taku Inlet, Southeast­
ern  A laska. T h irty-seven  su rface  sediment sam ples from  the tidal portion of the 
fan form  the bulk of this study. The tidal flat is larg ely  composed of very  poorly  
sorted  muddy sediment and relatively  well sorted sand which, for the most p art, 
overlie outwash g rav el. Mixing of various modal size c lasses  has produced a 
com plex sedim ent distribution pattern as well as a com plicated s iz e -so rtin g  r e ­
lationship. The san d -size fraction  of the sediments consists of feldspar, quartz, 
ro ck  fragm ents, amphiboles, pyroxenes, m icas and opaques; the c la y -s iz e  f r a c ­
tion consists of m icas, ch lorite , m ontm orillonite, feldspar and amphibole.
The sedim ents a re  the product of glacial abrasion in the Juneau Ice Field  
a r e a . The sand and mud a re  derived largely  from  N orris and Taku G lacier d e ­
tritu s; their nature indicates valley g lacier detritus m ay be fairly  rapidly sorted  
when subjected to hydraulic action . Absence of quartz and presence of feldspar 
in the c la y -s iz e  fraction  may indicate the physical p roperties of these m inerals  
control the size to which they can be reduced by v a lley -g lacier  abrasion .
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INTRODUCTION
Purpose
This investigation concerns the textural and m ineralogical ch a ra cte ristics  
of sediment recen tly  deposited and presently accum ulating in the N orris G lacier  
outwash a re a , upper Taku Inlet, Southeastern A laska. In this region, the re c e d ­
ing N orris G lacier, advancing Taku G lacier and Taku R iver, as well as tidal c u r ­
rents and subglacial s tream s probably all act to distribute and deposit sedim ent. 
A brasional, transportational and depositional p ro cesses  in this regim d operate  
with great intensity and their products accum ulate in what may be the m ost dynam­
ic  environment known for terrigenous sedim ent. This study is a step toward d e­
scrib in g  this environment and evaluating thg effect of each of the agents on valley  
g lacier detritu s. The present work is also  significant in that, to the w rite r 's  
knowledge, it rep resen ts one of the few attem pts at defining the textural and m in­
eralo gical nature of valley g lacier d etritu s .
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REGIONAL SETTING
D escription of the A rea
Taku Inlet is situated 12 m iles ca st of Juneau, A laska, and just south of 
the Juneau Ice Field , a 700 square mile highland ice com plex (F ig . 1). The inlet 
extends from  the mouth of the Taku River southward for a distance of 14 m iles 
w here it term inates in Gastineau Channel.
The term inus of Taku G lacier, the main trunk g lacier  of the Juneau Ice 
Field , stands near the head of the inlet and is separated from  the tidal w aters by 
a se rie s  of end m oraines which a re  exposed well above the high tide level. The 
sm aller N orris G lacier is separated  from  Taku G lacier by an elongate bedrock  
rid ge. An eight square mile outwash fan extends from  the term inus of N orris  
G lacier to the tidal w aters of the inlet (F ig . 2).
A spruce forest has developed on the rem nants of a term inal m oraine in 
the central a re a  (Wentworth and Ray, 1936), and to the northw est, a le s s e r  forest 
has developed on outwash sedim ent. The rem ainder of the fan is b arren  or only 
sp arsely  vegetated. E ast of the wooded are a  is a  large tidal flat, the upper reach es  
of which a re  covered with a thick m at of m arsh g ra s s .
A sm all m eltw ater lake flanks m ost of the N orris ice term in u s. The pres - 
ence of elevated shoreline te rra c e s  and thick silt deposits in front of the present 
shoreline indicates this lake once extended further e a s t . A large braided stream  
heads at the north end of the lake and flows eastw ard into the inlet w aters .
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F ig . 1 -  Index map showing the location of Taku Inlet, Southeastern  
A laska. Simplified from  Law rence (1950).
F ig . 2 - Location of sam ple stations and type of an alysis . Modified from  U .S .G .S .,  Juneau (B -l) , Alaska Quad­
rangle 1 :6 3 ,3 6 0  Series (Topographic), a e ria l photography of 194S.
In the vicinity of the outwash fan, the diurnal tidal range is 1 6 .7  feet (D e­
partm ent of C om m erce, 1966) and tidal cu rren ts a re  stron g. Surface w aters in 
the upper inlet a re  relatively  non-saline due to the influx of large quantities of 
fresh  w ater from  subglacial stream s (Hood, et a l . ,  1966).
The clim ate is generally mild and humid. Annual precipitation at nearby  
Juneau averages 83 inches. January average tem p eratures range from  23 to 29°
F ; the July average range is 53 to 58° F  (H eusser, 1954). Storm s a re  common 
throughout the y e a r, reaching their g rea test intensity during the winter months 
when the "Taku Winds" som etim es exceed 100 mph.
Recent G lacial H istory
Except for m inor fluctuations, N orris G lacier has retreated  from  the e a s t­
ern  edge of Taku Inlet to its present position m ore than 3 m iles to the w est since  
the middle 1700's (L aw ren ce, 1950). The N orris outwash fan has therefore de­
veloped within the last 200 y e a rs .
Taku G lacier, on the other hand, has been advancing steadily since the late  
1890's (M iller, 1963). During the early  1930's the term inus was still tidal, but 
by the late 1930's a push m oraine appeared above the tide level and shortly afte r , 
becam e a perm anent em ergent feature (F ield , 1954).
Just p rior to the 1890 's , w ater in the upper inlet was 2 50 -300  feet deep, 
but by the late 1930 's , this depth had been considerably reduced due to the influx 
of large volumes of sediment to the upper inlet. Isostatic rebound has occu rred  
in the a re a  (H eusser, 1952) and may also  have contributed somewhat to this rapid
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5shoaling. At present, the w ater depth is approxim ately 5 feet at high tide. A c­
cording to Jordan (1962) over 370 million cubic m eters of sediment w ere deposited 
.in the upper inlet during the period 1890-1960 .
SEDIMENT T EX T U R E
Methods of Sampling and Analysis
T h irty-seven  su rface  sam ples w ere obtained at 500 foot in tervals, when 
possible, along four tra v e rs e s  east of the forests  (F ig . 2). As sediment w est of 
the wooded are a  is gravelly , only two sam ples w ere collected in this region due 
to the p ractica l difficulties involved in obtaining representative sam ples of gravel. 
Fou r su b -su rface  sam ples w ere also collected from  the intertidal region and two 
sam ples w ere collected from  near the m eltw ater lake.
T extural analysis of the sediment was done according to the methods of 
Folk (1965). Sands w ere sieved with a set of one-quarter phi interval U .S .
Standard S eries s cre e n s , and pipette analyses w ere run on the muds. Samples 
consisting of mud and sand w ere fractionated by w et-sieving while those contain­
ing m ixtures of sand and gravel w ere fractionated with a -1 phi scre e n .
With the resulting data, cumulative curves w ere constructed on arithm etic  
coordinate paper, and mean size , standarcPdeviation (sorting), skewness and kurt- 
osis w ere calculated for each sam ple using the form ulas of Folk and Ward (1957) 
(Appendix A ). Folk and Ward strongly recom m end the u se of arithm etic probability 
paper for graphical analysis of sedim ents, however, it was found that cumulative 
curves for muddy sam ples, when plotted on these coordinates, invariably showed . 
a sharp change in slope at the 10 phi intercept, apparently due to extrapolating to 
100% at 14 phi. This change in slope produced skewness and kurtosis values which
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7probably a re  not valid. As cumulative curves on arithm etic coordinates approach  
100% at 14 phi asym ptotically, this change in slope is not apparent and does not 
noticeably affect the calculatcd skewness and ku rtosis. F o r  this reason , arith m e­
tic  coordinates w ere used and it is suggested that the common method of e x tr a ­
polating to 100% at 14 phi may not be valid for all sedim ents.
The sedim ents w ere classified  according to Folk (1954) (F ig . 3). The 
a re a l distribution of the resulting twelve textural groups is shown in F ig . 4 , while 
F ig s . 5 and 6 show the mean size  and sorting of sediments making up these groups.
D escription
On the basis of two sam ples analyzed, sediment w est of the wooded a re a  
is very  poorly sorted , muddy sandy to sandy gravel which is strongly fine-skewed  
and platykurtic to v ery  platykurtic. Sediment in this region exhibits extrem e te x ­
tu ral variations, but the dominant component appears to be gravel and thus the 
ch a ra c te ris tics  of these two sam ples a re  probably rep resen tative of the entire  
sedim ent body.
E ast of the wooded a re a , silt and clay a re  presently accum ulating in a 
shallow north-south trending depression that is bordered on the east and west by 
su rface  exposures of outwash sedim ent. In much of this depression a one-foot 
thick lay er of mud to slightly gravelly  mud d irectly  overlies outwash g ravel. To  
the e a s t, a thinner band of slightly gravelly sandy mud overlies a nine-inch thick  
lay er of co a rse  sand above outwash g rav el. F u rth er ea st, muddy sandy gravel is 
exposed at the su rface as a se rie s  of north-south trending banks. This sediment
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grades southward into gravelly mud.
The inlet w aters in this region c a r ry  fine m aterial in suspension and the 
depression acts  as an ideal dcpositional site for the mud. The relatively  deeper 
w ater, the elongate banks and the thick mat of m arsh  g ra ss  probably cause a 
slight reduction in turbulence and the vegetation should also  act as a sediment 
tra p . These factors would enhance conditions for deposition of som e of the s u s ­
pended sedim ent. The g rea ter thickness of mud in the cen tral p art of the basin  
implies deposition is m ost rapid h ere .
To the north, the sediment is sand to slightly gravelly  sand which is mod­
erate ly  to m oderately well sorted , and which has a nearly sym m etrical to c o a rs e -  
skewed, leptokurtic frequency distribution. The northern lim it of the sediment 
body is unknown as no sam ples w ere collected north of the m eltw ater s tre a m . Just 
south of this s tream  the sand overlies N orris outwash sedim ents which a re  exposed  
in sev eral sm all gravel-bottom ed channels. The sand body extends southeastw ard  
where it lies in contact with the muddy sandy gravel, slightly gravelly mud and mud 
of the tidal flat. The occu rren ce  of a sm all sand patch at the northern end of the 
wooded are a  is probably the rem nants of a form er extension of this sand body which 
has since been rem oved by m eltw ater stream  erosion.
In the intertidal zone, the sand body contains two sets  of dominantly north­
w est trending current rip ples, both se ts  having lee slopes facing south. These two 
sets  a re  differentiated by ripple length; the la rg e r  se t has ripples upwards of thirty  
feet in length while the sm aller, but m ore abundant se t has ripples approxim ately  
one foot in length. These ripples w ere only observed at low tide and the sm aller
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se t probably shifts with the tides, however, they overlie the long ripples thus 
suggesting the la tte r  may be sem i-perm anent.
On the basis of one analysis (Sample 5), the lake deposit near the elevated  
shoreline te rra c e s  is sandy mud. Sim ilar sediment (Samples 32 and 39) is found 
in two of the many distributaries of the m eltw ater s tre a m . One of these d istribu­
ta rie s  (at the location of Sample 32) is presently  inactive. The other is located  
in the intertidal zone and im m ediately adjacent to it is a sm all patch of muddy 
sand (Samples 40 and 41). One other sam ple (Sample 30) collected close to the 
present shoreline of the lake is m oderately sorted , slightly gravelly sand.
Modal Size C lasses
The sediment distribution pattern is obviously com plex. The modal size  
cla sse s  in each of the sam ples collected were determ ined (Appendix B), and the 
frequency of occu rren ce  of these c la sse s  is shown in F ig . 7 . T h ere is no one 
dominant gravel mode, however, this is probably due to the lack of such sam ples. 
The -5  to -6  phi and -3  to -4 phi m ateria l, in m ost c a s e s , consists of one or two 
larg e  gravel fragm ents and, as such, probably do not rep resen t true modal c la s s e s .  
T h ere a re  two sand m odes, at 1 to 2 phi and 3 to 4 phi, and two mud m odes, a t 4 
to 5 phi and 6 to 7 phi. The 11 to 12 phi class was a rb itra rily  chosen to rep resen t  
c la y -s iz e  m aterial that is present in muddy sam ples, however, there is no actual 
data for m aterial finer than 10 phi.
The distribution of the modal c la sse s  in various su rface  sediment types is 
shown in F ig . 8. Sediment west of the wooded area  consists of a polymodal m ixture
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F ig . 7 -  H istogram  showing frequency of o ccu rren ce  of modal size  c la s s e s .
Fig . 8 - Distribution of modal size c la sse s  of surface sediment.
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of sand and gravel, w hereas the sand to the northeast is unimodal. The distribu­
tion of modal c la sse s  in the a re a  of mud accum ulation is somewhat m ore com plex. 
The amount of sand an d /or gravel in these sedim ents is reflected  in the number 
and size  of modal c lasses  p resen t. Of p articu lar in terest is the distribution of 
c o a rse  silt (4 to 5 phi) and fine silt (6 to 7 phi). The gravelly mud, slightly g rav el­
ly sandy mud and muddy sandy gravel a re  found in a re a s  where le s s e r  quantities 
of fine m aterial a re  accum ulating. In these sedim ents, both silt modes occu r in 
equal abundance. The slightly gravelly  mud and mud, on the other hand, a re  the 
products of deposition of relatively  la rg e r  amounts of suspended sedim ent, and in 
these the fine silt mode is dominant. This suggests the bulk of the mud presently  
being deposited is finer than 6 phi.
The sandy mud n ear the m eltw ater lake is a m ixture of v ery  fine sand (3 to 
4 phi) and co a rse  s ilt  (4 to 5 phi), while sediment c lo se r to the present shoreline  
is larg ely  2 to 3 phi sand. Sandy mud irPthe two stream  distributaries previously  
described also  consists of 3 to 5 phi m aterial w hereas the patch of muddy sand ad ­
jacent to the eastern m ost distributary is largely  a m ixture of 2 to 5 phi p a rtic le s . 
This association  indicates sedim ent is being transported  and redeposited down­
s tre a m . The muddy nature of this s tream  suggests that finer p articles  a re  being 
tran sp orted  and dispersed into the inlet w a te rs .
MEAN SIZE-SORTING RELATIONSHIP
These polymodal sediments afford an opportunity to exam ine the mean s iz e -  
sortin g  relationship proposed by Folk and V/ard (1957). F o r  a bimodal sediment 
system  consisting of r iv e r  sands and grav els , Folk and W ard found a distinct 
sinusoidal relationship in which minima (best sorting) corresponded to pure modal 
c la sse s  and m axim a (poorest sorting) corresponded to equal m ixtures of sand and 
gravel having an interm ediate mean s iz e . Nienaber (1963) found a sim ilar relation ­
ship for deltaic and nfiarshore sediment composed of sand and mud in the Gulf of 
M exico .
A plot of mean size  versus sorting is shown in F ig . 9; textu ral c lass  names 
and modal c la sse s  a re  also  shown. It is apparent from  the data in F ig . 9 that the 
s iz e -so rtin g  relationship for these polymodal sedim ents is considerably m ore com ­
plex than it is for sim pler bimodal m ixtu res . Although m ore data points a re  high­
ly desirable, it is believed that sev eral separate sinusoidal trends can be seen in 
F ig . 9 . No single curve may be drawn through all the points. The only way in 
which a single curve could be drawn would be to split each sam ple into fractions  
so that each fraction  represented  one modal c la ss  and then determ ine the mean size  
and sorting of each fraction . Following the ideas of Folk and W ard (1957) these 
fraction s could then be related . A th eoretical curve predicting the resu lts  of such 
a p ro cess  is shown in F ig . 10.
In this predicted s iz e -so rtin g  cu rve, the firs t  sorting m axim um  rep resen ts
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F ig . 9 - S ize-so rtin g  relationship of individual sam ples and textural groups, 
of occu rren ce  of modal size c la sse s  is also  shown.
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F ig . 10 - T h eoretical s iz e -so rtin g  curve for the polymodal sedim ents.
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m ixtures of -4  to -3  phi gravel and 1 to 2 phi sand. Since the size  range involved 
is relatively  large (4 phi + 2 phi = 6 phi), the sorting of this m ixture is poor. The 
second sorting maximum rep resen ts m ixtures of 1 to 2 phi and 3 to 4 phi sand.
The size range covered by this m ixture is 4 phi - 1 phi = 3 phi. The third sorting  
maximum rep resen ts m ixtures of 3 to 4 phi sand and 4 to 5 phi s ilt . Since the size  
range covered by this m ixture is sm all (5 phi - 3 phi = 2 phi) the sorting maximum  
will occur at a lower position relative  to m ixtures covering a wider size  range.
The fourth sorting maximum rep resen ts a m ixture of 4 to 5 phi and 6 to 7 phi s ilt .
As the size range for this m ixture (7 phi - 4 phi = 3 phi) is the sam e as that of the 
sand m ixture (4 phi - 1 phi = 3 phi), the sorting m axim a a re  of equivalent m agni­
tude. The last sorting maximum rep resen ts  a m ixture of 6 to 7 phi s ilt and 11 to 
12 (? )p h i clay , and because the size  range involved h ere is the sam e as that for the 
gravel-san d  m ixture, the sorting m axim a a re  of equivalent magnitude.
Following this line of reasoning perm its an analysis of the data in F ig . 9, 
in which two trends have been drawn. Trend I clearly  shows a sinusoidal re lation ­
ship between 1 to 2 phi sand and much c o a rs e r  grav el. The gravel is probably poly­
modal but since no single mode is known to be dominant, gravel can be considered  
as representing a single mode. Unimodal sand and slightly gravelly sand exhibit 
the best sorting and as increasing amounts of gravel a re  added to this sand, the 
mean size  in creases and sorting becom es p o o rer. At -1 phi a sorting maximum is 
reached and with further additions of gravel the sorting im proves. More gravel* 
sam ples a re  needed to accu rately  define this part of the s iz e -so rtin g  diagram .
Trend II re la tes  m ixtures of gravel and mud. F o r  Trend II, sorting becom es
21
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p rogressiv ely  better and mean size  becom es p rogressiv ely  finer as the gravel 
content d e c re a s e s . G ravelly muds contain equal proportions of co arse  silt (4 to
5 phi) and fine s ilt (6 to 7 phi), but in slightly gravelly muds and mud the la tter  
silt mode is dominant. L arge amounts of gravel will have a g re a te r  effect on 
sorting than will large amounts of one o r the other silt modes in these sedim ents, 
thus substantiating the sinusoidal relationship exp ressed  as Trend II. However, 
muds a re  considerably displaced from  the 6 to 7 phi region, and in fact, the mean 
size  of som e of these muds is in the c la y -s iz e  range (less  than 8 phi). This is 
apparently due to the presence of a third mode (11 to 12 ? phi) in the mud. This 
group of points, (muds) must then rep resen t a maximum of sorting for m ixtures
of fine s ilt and c la y -s iz e  m a te ria l. The gravel-m ud system  contains four modal 
cla sse s  (assum ing gravel to be unimodal) and thus the s iz e -so rtin g  relationship  
of this system  is actually m ore com plex than that depicted by Trend II. The p r e s ­
ence of gravel and clay  in these silty  sediments has resulted in displacem ent of 
points in such a m aim er as to obscure the relationship between the 4 to 5 phi and
6 to 7 phi silt modal c la s s e s . Removal of clay from  the muds would in crease the 
sorting and co arsen  the mean s iz e , thus shifting the points toward the 6 to 7 phi 
region while rem oval of gravel from  the gravelly muds would d ecrease  the mean 
size  and in crease  the sorting so that this group of points would fall som ewhere in 
the 4 to 7 phi region. Only when these le s s e r  modes a re  absent would a sinusoid­
al relationship be observed with sorting minima at the 4 to 5 phi and 6 to 7 phi 
positions and a sorting maximum in an interm ediate position.
Any attem pt at describing the s ize -so rtin g  re la tio n sh ip ^ ) of these poly-
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modal sedim ents involves fractionation of the sam p les. This, of co u rse , ruins 
any attem pt at using this relationship as an environmental indicator. From  the 
resu lts found h ere , it is suggested that great caution be exercised  when in terp ret­
ing the s iz e -so rtin g  relationship^ ) of such sedim ents as the relatively  sim ple  
trend seen for bimodal sediment is not as pronounced.for m ore com plex m ixtu res.
MINERALOGY
Sand F ractio n
M ethods. Thirteen sam ples w ere chosen for m ineralogical analysis of 
the san d -size  fraction  ( -1  to 4 phi). Of these, five a re  representative of sand- 
rich  sedim ents and four each a re  representative of g ra v e l- and m ud-rich sed i­
m ents. The location of the sam ples is shown in F ig . 2.
Both light and heavy m ineral fractions w ere studied petrographically.
The fractions w ere separated with Tetrabrom om ethane (sp . g r . = 2 .9 2 ) . R e ­
p resentative portions of the heavy m inerals w ere mounted on glass slides with 
L ak esid e-70 . The light m inerals w ere mixed with B oat-A rm or Super Iso -resin  
which acted as a rigid binder so that thin se.ctions could be prepared . Counts of 
300 grains w ere made on each slid e. Point counts w ere made to give volume p e r ­
cent for the light m inerals and number percent for the heavy m in era ls .
Light M inerals. The light m inerals a re  quartz, feldspar and rock  fra g ­
m ents (Appendix C). The feldspars a re  4 :1  m ixture of plagioclase and K -sp a r. 
Most of the plagioclase is twinned andesine and oligoclase, but som e untwinned 
plagioclase was also  found. The K -sp ar is alm ost entirely  orthoclase with only 
tra c e  quantities of m icroclin e. T ra c e  amounts of m icropegm atite and perthite  
w ere also  found. The rock  fragm ents a re  mainly m etam orphic rock  fragm ents 
and "co arse -g ra in ed " fragm ents. The la tte r type is consistently m ore abundant
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and is composed of feldspar, quartz, m icas an d /o r am phiboles. Gneiss and sch ist 
make up m ost of the m etam orphic fragm ents, but m inor amounts of greenschist and 
/ o r  amphibolite (?) w ere found. Except for the lack of directional p rop erties, the 
overall appearance of the "co arse -g ra in ed " fragm ents is so sim ilar to that of the 
gneissic fragm ents that probably m ost, if not a ll, of of these a re  of sim ilar nature. 
T ra c e  amounts of volcanic ro ck  fragm ents w ere also  found in a few sam ples.
Individual grains a re  angular to subangular with the exception of som e of 
the la rg e r  rock  fragm ents which a re  subrounded. The lack  of chem ical w eather­
ing is reflected  in the fresh  nature of the g ra in s . Approxim ately one-fourth of the 
feldspar grains exhibit varying degrees of sericitization , but this feature is un­
doubtedly inherent to the source rock .
The light-m ineral composition is plotted in F ig . 11. The m ineralogy of 
all sam ples is reasonably consistent with the exception of gravelly sediments 
which contain a somewhat higher proportion of rock fragm ents. A ccording to 
Folk 's  (1965) classification , these sedim ents a re  considered to be A rkoses to 
Impure A rk oses.
Heavy M in erals. The weight percent of heavy m inerals in each of the 13 
sam ples was calculated (Appendix D), and from  these figu res, average p ercen t­
ages w ere computed for each of the sedim ent groups. These values a r e : sands = 
4 .5% , gravels = 8. 2% and muds = 10.8% .
F o r  descriptive purposes the m ajority of heavy m in erals w ere placed into 
three groups: (1) amphiboles and pyroxenes, (2) m icas and (3) opaques. The am ­
phiboles and pyroxenes may be treated  together as they re a c t  in a hydraulically
25
F ig . 11 - Light m ineral com position of the san d -size fraction  of the sed i­
ments . ''
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sim ilar manner com pared to the m icas and opaque m inerals (Rittenhouse, 1943).
Of this group, the amphiboles and pyroxenes occu r in a 10:1 ratio  with green horn­
blende being the m ost abundant m ineral with considerably sm aller amounts of diop- 
side, actinolitic-hornblende and actinolite, and tra c e  quantities of trem olite and 
hypersthene. The m ica group is largely  biotite with m inor amounts of chlorite  
and b io tite-ch lorite . Opaque m inerals a re  largely  euhedral to subhedral m agne­
tite g ra in s. Aside from these m ajor components, tra c e  constituents found in the 
heavy m ineral fraction  include sphene, garnet, apatite, euhedral zircon , sillim an- 
ite , tourm aline (? ), epidote and stau ro lite . The heavy m inerals a re  angular to sub- 
angular and show no signs of chem ical w eathering.
The heavy-m ineral com position is plotted in F ig . 12. F o r  this purpose, 
the tra c e  constituents w ere omitted and the proportions of amphiboles and pyrox­
enes, m icas and opaques re -ca lcu la ted  on a 100% b a sis . It is evident that the 
sandy and gravelly sedim ents a re  m ineralogically s im ila r . The muddy sediments 
a re  m ica rich . Two of the four muddy sam ples analyzed a re  the bimodal (3 to 4 
and 4 to 5 phi) sandy muds previously described, thus suggesting these modes r e ­
present concentrations of this m ineral group in this size  range.
C lay-size  Fraction
Methods. Ten sam ples w ere chosen for m ineralogical analysis of the c lay -  
size  fraction  (less than 2 m icron ). Of these, s ix  a re  rep resen tative of muddy sed i-  
ments in the intertidal zone, two a re  representative of sandy m aterial bordering  
the wooded a re a , and one each is representative of the sandy mud near the m elt-
0
,0
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F ig . 12 -  Heavy m ineral com position of the san d -size fraction of the sed i­
ments . •
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w ater lake and the gravelly outwash. The location of the sam ples is shown in F ig .
2.
Each sam ple was treated  with a 20% solution of hydrogen peroxide to rem ove  
organic m atter, flocculated with IN-magnesium chloride, washed, then dispersed  
in a 0 . 25% solution of sodium hexametaphosphate (Calgon) from  which 0 . 2 - 2 .0  and 
le ss  than 0 .2  m icron size  fractions w ere extracted  by centrifuging. These fractions  
w ere then pipetted onto glass slides and a ir-d rie d  to give oriented ag g reg ates . 
M ineralogical analysis was accom plished with a Type 12045 N orelco D iffractom e­
t e r  employing N i-filtered  Cu K-alpha radiation. The following four diffraction  
patterns w ere run on the two size  fractions of every  sam ple: (1) untreated, (2) 
treated  for 12 hours at 60° C in a m etal can containing ethylene glycol, (3) heated 
to 400° C for one hour and (4) heated to 550° C for one hour.
Qualitative A nalysis. M ica-clay  m inerals w ere identified by a strong 10A 
peak that was unaffected by glycolation or heat treatm ent (Molloy and K e rr, 1961).
A weak 5A peak further distinguishes these as being trioctah ed ral m icas (biotite) 
(W eaver, 1958). Iro n -rich  chlorite was identified by stron g second and fourth 
ord er reflections and weak f irs t  and third ord er reflections on the untreated p at­
te rn  (W eaver, 1958). The 14A reflection  was unaffected by glycolation. At 400°
C the 7 A reflection  d ecreased  somewhat in intensity (Hayaski and Oinuma, 1963), 
and at 550°  C this peak was destroyed with a subsequent in crease  in intensity of 
the 14A peak (M artin, 1954, Dixon and Jackson, 1960). M ontmorillonite was ident­
ified by a f irs t o rd er reflection  at 12-15A which expanded to the 17A region upon 
glycolation and collapsed to approxim ately 10A upon heating to 400°  C (W eaver,
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1958). A strong reflection  in the 3 .2A  region of the untreated pattern was identi­
fied as feldspar (Smith, et a l . ,  1959) while a reflection  in the 8 .4A  region which 
was unaffccted by all treatm ents was identified as amphibole (Hood, et a l . ,  1966).
Quantitative A nalysis. The relative  proportions of m icas, chlorite and 
m ontm orillonite w ere calculated by a method of peak a re a  ratios modified from  
Hathaway and C arro ll (1954) (Appendix E ). Basal peak a reas  on the glycolated  
patterns w ere computed by multiplying the height of the peak above background by 
the width of the peak at one-half the peak height. Talvenheimo and White (1952) 
found that equal m ixtures of m ontm orillonite, hydrous m ica and kaolinite have a 
peak a re a  ratio  of 5 :1 :1  and W eaver (1958) implies a 1:1 ra tio  for m ixtures of ill - 
ite and ch lorite . Thus a rough estim ate of the relative proportions of m ontm orill­
onite, chlorite and m icas can be made by using a 5 :1 :1  peak a re a  ra tio . In all 
c a s e s , the basal peak are a  of m ontm orillonite was less than 10% of the total a rea  
for the three m in erals, so it was divided by five ra th er than using the Nomograph 
suggested by Hathaway and C arro ll (1954). Individual a re a s  w ere then added and 
relative  percentages of the three m inerals w ere calculated .
The resu lts  of the analysis indicate m ica -clay s  and chlorite occu r in a 
ratio  of 5 :1 , with only tra ce  amounts of m ontm orillonite being p resen t. Feldspar  
and amphibole seem  to occur only in tra c e  quantities and these a re  largely  con­
fined to the 0 .2 - 2 .0  m icron size  fraction . No quartz was detected in the c lay -s ize  
m a te ria l .
DISCUSSION
In the Juneau Ice Field , where N orris and Taku G laciers originate, bed­
rock  is dominantly crystalline sch ist with le s s e r  amounts of intrusives and some 
volcanics (F o rb e s , 1959). The bulk m ineralogy of the bedrock is well represented  
by the m ineral assem blage of sedim ents in the study a re a . Bedrock in the upper 
Taku River V alley in the vicinity of the International Boundary consists largely  of 
volcanics and m etasedim ents (K e rr , 1948). Since such types a re  not well re p re ­
sented in the sedim ents it is apparent that significant quantities of san d -size m a te r­
ial a re  not presently being contributed from  this a re a . In the lower Taku River 
V alley, on the Alaskan side of the Boundary, bedrock is sim ilar to that in the e a s t­
e rn  p art of the Juneau Ice Field , so it is not possible to determ ine how much, if any, 
sedim ent is being transported from  this a re a . It appears that the m ajority of the 
san d -size  m aterial is a product of glacial erosion and transportation.
The derivation of the sand is of considerable in terest. The dominant modal 
c la ss  of this sand (1 to 2 phi) is also  present in N orris G lacier outwash, and the 
close correlation  in san d -size  m ineralogy between outwash gravel and the sand in­
dicates at least som e of this sediment is the product of transportation of outwash by 
the m eltw ater stream  com plex. In a sim ilar m anner, som e of this sand is probably 
being contributed from  erosion of the m oraines flanking the Taku G lacier term inus. 
The presence of the longer ripples in the sand body and the relatively  non-saline  
nature of the inlet w aters suggests the ebb tide may be stron ger than the incoming
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tide, thus sediment from near the Taku G lacier term inus could be transported in 
a southerly direction . No evaluation may be made as to which of the two so u rces, 
N orris G lacier outwash o r Taku G lacier m orainal m aterial, is the dominant con­
tributor of this sand as no sam ples w ere collected from  the Taku G lacier term inus. 
The m ost significant fact concerning this sand is its relatively  well sorted  nature, 
which indicates glacial detritus can be fairly  rapidly sorted  when subjected to the 
proper environm ental conditions, in this case  tidal an d /or s tream  action .
The derivation of the suspended mud in the upper inlet w aters presents a 
sim ilar problem . The turbid nature of the m eltw ater stream  draining N orris G lacier  
was noted by the w riter and M iller (1963) claim s that both the Taku R iver and sub­
glacial s tream s draining Taku G lacier a re  mud-laden. T h ree possible sou rces for 
this mud a re  therefore p resen t. The mud fractions analyzed a re  larg ely  composed 
of co arse  silt (4 to 5 phi) and fine silt (6 to 7 phi) modal c la sse s  with som e c la y ­
sized m aterial (11 to 12? phi). In Queen Inlet, G lacier Bay National Monument, 
these two silt modes a re  present in glacially  derived muds (C .M . Hoskin, person ­
al com m unication), thus suggesting a glacial origin for much of the mud in upper 
Taku Inlet. Most of the suspended mud seem s to be less  than 6 phi in size , as it 
is this m aterial that is m ost rapidly being deposited in the depression east of the 
wooded a re a . This may imply a slight selective sorting p ro cess  whereby m ore of
a
the finer silt and clay  is rem oved by hydraulic action thus leaving a concentration  
of co arse  silt in the glacial d etritu s. Removal of m ud-sized m aterial also  r e p r e ­
sents fa irly  rapid size  sorting of glacial detritu s.
With the exception of m ontm orillonite and quartz, the m inerals composing
32
the c lay -s ize  fraction  of the sedim ents a re  common in the san d -size fraction , in­
dicating these m inerals a re  d etrital in nature and rep resen t the products of physi­
cal abrasion by glacial action . This conclusion has also  been reached by Kunze et 
a l . (1966), who describe a sim ilar m ineral assem blage of the c la y -s iz e  fraction  
of suspended and bottom sediments in Taku Inlet and deposits on the su rface of 
Taku G lacier and in mud flats adjaccir? to the g la c ie r . Kunze et a l . (1966) a ttrib ­
ute the m ontm orillonite to trioctah ed ral m icas that have been stripped of their 
in terlayer potassium .
The apparent lack of quartz in the c la y -s iz e  fraction  rep resen ts an anom ­
alous situation. M urray and Leininger (1956), H orberg and Potter (1955) and 
others have found quartz to be common in the c lay -size  fraction  of tills derived  
from  Pleistocene continental glaciation. Rae and Knowles (1965) found no apparent 
evidence of quartz in the c lay -s ize  fraction”of bottom sedim ents from  G lacier Bay 
National Monument, A laska. Kunze et a l . (1966) found only tra c e  quantities of 
quartz in the 0 . 2 - 2 .0  m icron fraction  of the Taku Inlet sedim ents described by 
them , although the sand and s ilt-s iz e  fractions of these sediments w ere rich  in 
quartz. The m ost plausible explanation for the lack  of significant quantities of 
quartz, as suggested by Kunze et a l . (1966) is that these g laciers  sim ply do not 
reduce much quartz and feldspar to clay  siz e . The w riter feels the differences in 
physical properties of quartz and feldspar could account for the presence of r e la ­
tively la rg e r  quantities of feldspar in the c la y -s iz e  fraction . Q uartz, which lacks 
cleavage and has a hardness of 7, should be slightly m ore resistan t to physical 
abrasion than feldspar, which has good cleavage and a hardness of 6 .
CONCLUSIONS
1. Transportational and dcpositional agents include N orris and Taku G lac­
ie rs , subglacial s tre a m s, tidal cu rren ts and Taku R iver. The interaction between 
the availability of different grain  size populations an d th ese agents has resulted in 
a com plex distribution of sediments in the N orris G lacier outwash a re a .
2 . The various modal size  c lasses  present in these sedim ents a re : (1) 
gravel, (2) 1 to 2 phi sand, (3) 3 to 4 phi sand, (4) 4 to 5 phi s ilt, (5) 6 to 7 phi silt  
and (6) 11 to 12? phi clay . The s iz e -so rtin g  relationship of these sedim ents is 
com plex due to. m ixing of these numerous modal c la s s e s .
3 . Even though the dominant contributor cannot be identified, both N orris  
G lacier outwash and Taku G lacier m orainal m aterial a re  apparently contributing 
sedim ent to the larg e sand body.
4 . Valley g lacier detritus can be fairly  rapidly sorted  when subjected to 
tidal an d /or stream  action as evidenced by the nature of the sand and mud.
5 . The light m ineral assem blage of the san d -size fraction  is, in d e c re a s ­
ing ord er of abundance, feldspar, quartz and rock  fragm en ts. The heavy m ineral 
assem blage is largely  amphiboles and pyroxenes (dominantly green hornblende), 
with le s s e r  amounts of m icas (dominantly biotite) and opaques. These m inerals  
a r e  the product of glacial abrasion of bedrock in the Juneau Ice Field .
6 . C lay-size  m inerals in these sedim ents a re  larg ely  m icas (biotite) with 
le s s e r  amounts of chlorite and tra c e  quantities of m ontm orillonite, feldspar and
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amphibole. These m inerals a re  the product of glacial abrasion.
7 . These valley g laciers  a re  apparently not reducing significant amounts 
of quartz or feldspar to c la y -s iz e  p a r t ic lc s . The apparent absence of quartz and 
p resen ce of feldspar in this size  range m ay be due to the slightly g re a te r  r e s i s ­
tance of quartz to physical abrasion.
8. Although the present study involves valley g lacier detritus from  only 
one a re a , som e of the ch a ra c te ris tics  found here may possibly be diagnostic of 
Recent valley g lacier sedim ent. These ch a ra c te ris tics  include: (1) extrem e poly­
m odality, (2) angular, unweathered san d -size grains, (3) detrital c lay -size  p articles  
and (4) insignificant quantities of quartz and feldspar in the c la y -s iz e  fraction .
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APPENDIX A
PHYSICAL DATA OF THE SEDIMENTS
Sample
No. G ravel Sand
Weight % 
Mud Silt Clay Mean Size Sorting Skewness
N orm alized
Kurtosis
T ext.
Class
1 0 .3 9 9 . 4 0 . 3 1 .01 0 . 6 2 + 0 .0 6 0 . 5 2 (g)S
2 0 . 1 9 8 . 3 1 . 6 1 .44 0 . 6 9 - 0 . 0 8 0 .  56 <g)S
3 0 .3 9 9 . 6 0 . 1 1 .34 0 . 6 8 -O. ' ll 0 . 5 1 (g)S
4 0 .4 9 8 . 2 1 . 4 1 .51 0 . 5 8 - 0 . 1 1 0 . 5 4 (g)S
5 0 3 1 . 5 6 4 . 9 3 . 6 4 . 6 3 1 .39 + 0 .3 3 0 . 5 4 sM
6 6 0 . 0 3 3 . 1 6 . 5 0 . 4 - 1 . 7 1 3 . 4 9 + 0 . 7 1 0 . 3 5 msG
7 7 4 . 8 2 4 . 8 0 . 4 - 2 . 9 5 2 . 3 8 + 0 . 4 3 0 . 4 3 sG
8 0 9 5 . 5 4 . 5 2 . 31 0 . 7 2 + 0 . 1 9 0.  55 S
9 0 3 . 0 5 9 . 1 3 7 . 9 8 . 07 2 . 6 2 + 0 . 37 0 . 5 1 M
10 3 . 1 4 . 6 6 5 . 6 2 6 . 7 6 . 9 3 2 . 81 + 0 . 2 2 0 . 5 9 (g) M
11 0 . 2 5 . 5 5 9 . 9 3 4 . 4 7 . 4 6 2 . 91 + 0 . 2 9 0 . 5 1 (g)M
12 9 .2 8 1 . 5 5 . 9 3 . 5 1.01 1 . 75 + 0 . 1 3 0 . 8 0 gmS
13 0 1 . 1 4 7 . 8 5 1 . 1 8 . 64 2 . 5 6 + 0 . 3 1 0 . 4 7 M
13A* 6 4 . 5 3 2 . 2 3 . 4 - 2 . 4 5 2 . 59 + 0 . 3 5 0 . 3 6 sG
14 0 1 . 2 6 1 . 3 3 7 . 5 7 . 8 5 2 . 5 9 + 0 . 3 3 0 . 5 1 M
15 0 1 . 0 6 1 . 8 3 7 . 2 7 . 8 6 2 . 5 5 + 0 .3 8 0 . 5 1 M
16 1 5 . 6 2 0 . 3 3 5 . 9 2 8 . 2 5 . 0 3 5 . 1 4 - 0 . 2 3 0 . 4 8 gM
17 2 2 . 1 3 0 . 5 2 9 . 0 18 . 4 3 . 0 5 5 . 2 1 + 0 .0 5 0 . 4 8 gM
18 0 . 4 1 7 . 5 5 4 . 0 2 8 . 1 6 . 7 3 3 . 2 8 + 0 . 1 9 0 . 3 9 (g)sM
19 0 4 .4 5 8 . 0 3 7 . 7 7 . 7 2 2 . 8 1 + 0 .3 0 0 . 4 9 M
19 A* 5 . 9 2 9 . 8 3 8 . 8 2 5 . 5 5 . 1 4 4 . 4 1 4 0 . 1 1 0 . 4 7 gM
20 6 6 . 6 3 1 . 7 1 . 7 - 2 . 3 8 2 . 50 + 0 .2 0 0 . 4 3 sG
21 3 . 2 5 . 4 5 3 . 1 3 8 . 4 7 . 8 2 3 . 1 3 +0 . 1 7 0 . 6 1 (g)M
22 * 2 .0 14 . 0 6 2 . 5 2 1 . 6 6 . 32 3 . 0 3 + 0 . 1 8 0 . 6 1 (g)sM
APPENDIX A (cont’d .)  
PHYSICAL DATA OF THE SEDIMENTS
Sample
No. G ravel Sand
Weight % 
Mud Silt Clay Mean Size Sorting Skewness
N orm alized
Kurtosis
T e x t.
C lass
22A* 2 6 . 5 6 9 . 6 3 . 1 0 . 8 - 0 . 5 3 1 . 71 - 0 . 3 7 0 . 5 6 Ss
23 2 . 9 3 0 . 3 4 2 . 0 2 4 . 9 5 . 6 4 3 . 8 7 - 0 . 0 3 0 . 4 8 (g)sM
24 5 3 . 4 3 5 . 5 6 . 7 4 . 4 - 1 . 4 3 3 . 7 8 + 0 .2 9 0 . 4 6 smG
24A* 7 4 . 0 2 4 . 5 1 . 6 - 3 . 3 2 2 . 6 4 + 0 .7 3 0 . 3 8 sG
25 4 7 . 1 4 5 . 8 5 . 9 1 . 3 - 0 . 6 6 3 . 4 2 - 0 . 1 1 0 . 3 9 msG
26 0 . 3 9 5 . 1 4 . 5 1.16 0 . 8 4 - 0 . 0 2 0.  58 (g)S
27 0 .3 9 8 . 5 1 . 2 1.44 0 . 6 7 - 0 . 0 9 0 . 5 1 (g)S
28 0 .5 9 8 . 9 0 . 7 1.31 0 . 6 7 - 0 . 1 5 0 . 5 1 <g)S
29 0 9 9 . 1 0 . 9 1 .38 0.  52 - 0 . 0 8 0.  53 s
30 2 . 0 9 5 . 2 2 . 9 2 . 1 0 0 . 9 3 - 0 . 0 8 0 . 5 5 (g)S
31 3 .6 9 5 . 8 0 . 6 1.33 1 . 02 - 0 . 1 7 0 . 5 3 (g) S
32 0 4 5 . 3 5 3 . 8 0 . 9 4 . 0 4 0 . 7 0 - 0 . 0 2 0.  55 sM
33 0 . 7 . 9 8 . 9 0 . 5 1 . 05 0 . 6 9 + 0 .0 5 0 . 5 5 (g)S
34 0 9 7 . 2 2 . 8 1.66 0 . 6 6 +0 . 1 7 0 . 5 9 s
35 10.1 88 . 6 1 . 3 0 . 2 9 1 . 07 - 0 . 1 6 0 . 6 2 gS
36 4 5 . 5 4 9 . 9 4 . 0 0 . 6 - 1 . 0 4 3 . 4 0 - 0 . 1 9 0.  35 sG
37 0 9 7 . 9 2 . 1 1 .53 0 . 8 0 + 0 . 12 0 . 5 3 S
38 2 . 0 9 6 . 4 1 . 7 1 .63 0 . 9 8 - 0 . 1 2 0 . 5 4 <g)S
39 0 11 . 6 5 9 . 4 2 9 . 0 6 . 2 3 2 . 6 2 + 0 .4 2 0 . 5 5 sM
40 0 8 1 . 9 17 . 4 0 . 7 3 . 27 0 . 7 7 - 0 . 0 2 0 . 4 6 mS
41 0 7 4 . 8 2 2 . 2 3 . 0 3 . 46 1 . 06 +0.  55 0 . 6 0 mS
* sub-su rface
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APPENDIX B
DISTRIBUTION OF MODAL SIZE CLASSES
Sample 
No. -6  to -5  -5  to -4  -4  to -3
Modal C lasses
■3 to -2  -2  to -1  -1 to 0 0 to 1 1 to 2 2 to 3 3 to 4 4 to 5 5 to 6 6 to 7
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APPENDIX B (co n t’d .)  
DISTRIBUTION OF MODAL SIZE CLASSES
Sample
No. -6 to -5
Modal C lasses
■5 to -4  -4  to -3 -3  to -2  -2  to -1  -1  to 0 0 to 1 1 to 2 2 to 3 3 to 4 4 to 5 5 to 6 6 to 7
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Sample No.
% of Sand-size  
Fraction
Quartz
O rthoclase
M icrocline
Plagioclase
Undifferentiated
Feld sp ar
Perthite
M icropegm atite
C oarse Rock 
Fragm ents
Gneiss
Schist
V olcanics
G reen sch ist/ 
Amphibolite (?)
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APPENDIX D
MINERALOGY OF SAND-SIZE FRACTION-HEAVY MINERALS 
(Percentages based on 100% for heavy m in erals)
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3 5 .4 5 8 . 7 7 . 3 1 . 0 4 . 0 0 . 7 - 8 . 6 1 . 3 1 . 0
5 14 . 9 2 0 . 3 1 . 0 1 . 0 1 . 0 0 . 3 0 . 3 6 8 . 7 5 . 6 -
6 5 . 6 6 6 . 4 8 . 0 i . 6 1 . 6 - 0 . 6 4 . 5 0 . 6 -
7 6 . 7 5 5 . 8 10 . 6 - 2 . 0 - 1 . 7 6 . 6 - -
8 4 . 1 6 4 . 6 8 . 9 3 . 6 1 . 7 - - 3 . 3 - -
12 5 . 0 6 3 . 0 6 . 3 0 . 7 0 . 3 0 . 7 - 3 . 3 1.7 -
18 8 . 3 ’ 4 0 . 5 6 . 4 4 . 8 5 . 4 0 . 3 0 . 6 2 8 . 7 4 . 5 0 . 3
22 8 . 8 2 6 . 8 6 . 5 2 . 3 3 . 9 1 . 6 0 . 3 4 3 . 2 4 . 5 0 . 3
25 11 . 5 5 3 . 7 8 . 0 3 . 3 1 . 3 - 0 . 7 6 . 3 1 . 0 -
27 4 . 6 5 5 . 6 8 . 3 0 . 7 1 . 7 - 0 . 7 10 . 3 1 . 0 0 . 3
33 3 . 3 5 9 . 0 5 . 4 0 . 9 2 . 5 - 0 . 3 1 2 . 3 2 . 2 3 . 8
36 8 . 9 6 0 . 1 4 . 3 1 . 7 4 . 7 - 0 . 3 11 . 6 1 . 0 -
39 1 1 . 3 2 4 . 4 0 - 6 0 . 3 0 . 3 0 . 9 0 . 3 6 6 . 4 1 . 8  . 1 . 8
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APPENDIX D (cont'd .)
MINERALOGY OF SAND-SIZE FRACTION-HEAVY MINERALS 
(Percentages based on 100% for heavy m inerals)
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3 8 .3 2 .0 1 .0 ( 9*7 0 .3 ~ 0 .3 0 .3 4 .3
5 - 0 .3 - - 0 .3 - - - 1 .0
6 6 .1 2 .9 0 .6 1 .0 1 .3 0 .3 - 0 .6 - 3 .8
7 12 . 9 1 . 7 1 . 7 - 0 . 3 - - - - 5 . 3
8 7 . 3 3 . 0 0 . 3 1 . 3 0 . 7 1 . 3 - - - 3 . 9
12 11 . 7 2 . 0 3 . 7 1 . 0 0 . 3 0 . 3 - 0 . 3 - 4 . 6
18 2 . 2 1 . 6 - 1 . 3 - - - - - 3 . 2
22 4 . 2 1 . 0 0 . 3 0 . 3 - 0 . 3 - - - 4 . 5
25 14 . 3 3 . 3 1 . 0 0 . 7 0 . 3 - 0 . 6 - 0 . 3 5 . 0
27 11.0 3 . 0 1 . 3 0 . 7 - - - 0 . 3 - 5 . 0
33 6 . 0 1 . 6 0 . 6 0 . 6 - - - - - 4 . 7
36 . 8 . 3 1 . 7 0 . 7 0 . 7 0 . 7 0 . 7 1 . 6 - - 2 . 0
39 0 . 3
' '
1 . 8 “ 0 . 9
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APPENDIX E
PERCENTAGES OF MICAS, CHLORITE AND MONTMORILLONITE 
IN THE CLAY-SIZE FRACTION
Size
Sample
No.
Fractio n
(m icrons)
% of .Total Peak A rea
Mica Chlorite M ontmorillonite
5 ( 0 . 2 - 2 ) 91 9 .
6 ( 0 . 2 - 2 ) 58 42 -
8 ( 0 . 2 - 2 ) 88 12 T r
9 ( 0 - 0 . 2 ) 83 17 -
( 0 . 2 - 2 ) 83 15 2
12 ( 0 - 0 . 2 ) 81 19 T r
( 0 . 2 - 2 ) 75 25 T r
14 . ( 0 -0 . 2 ) 82 18 -
( 0 . 2 - 2 ) 89 10 T r
16 ( 0 - 0 . 2 ) 84 16 T r
( 0 . 2 - 2 ) 88 12 T r
21 ( 0 - 0 . 2 ) 88 12 -
( 0 . 2 - 2 ) 86 14 -
23 ( 0 - 0 . 2 ) 69 31 -
( 0 . 2 - 2 ) 80 19 1
39 ( 0 - 0 . 2 ) 87 13 T r
( 0 . 2 - 2 ) 86 12 2
